TCSC
The basic TCSC module comprises a series capacitor, C, in parallel with a thyristor-controlled reactor, L s , as shown in Figure 1 . In addition, a practical TCSC module includes a metal-oxide varistor (M OV ), connected across the series capacitor to prevent overvoltages. The TCSC is assumed to be connected between buses k and m in a transmission line as shown in Figure 2 , where the TCSC is presented simplified like a continuously controllable reactance (capacitive).
Injection model
In the following section, the injection model of TCSC without and with losses is derived. 
The current source corresponds to the injected powers S ks and S ms , shown in Figure 4 , which are defined by The active and reactive components of the injection sources are with line resistance neglected (r km = 0):
P ms = −P ks (6)
where
If the resistance r km = 0, then we must define g km + jb km = jx c r km + jx km · 1 r km + j(x km − x c )
In that case we have a model with losses where the active and reactive components can be computed as:
1.2 Implementing FACTS devices in the power flow FACTS devices are implemented in the power flow equations by adding the equations describing the active and reactive injection in equations (11)- (14). It is assumed that a FACTS device is installed in the line between nodes k and m. Considered the additional injected power described above as additional injected power of node k and m, then the equations to be solved in power flow calculation of FACTS are
[
where P (V, δ) and Q(V, δ) are vectors of active and reactive nodal power injections as a function of nodal voltage magnitudes V and angles θ, and network conductances G and suceptances B. P and Q are active and reactive powers specified at each bus.
Using Newton-Raphson method to solve the power flow equation, the new structure of the system Jacobian is then
The total power flowing through a transmission line can be calculated from Figure 4 as S km = S ks + S km S mk = S ms + S mk (21)
Results
In this section, the results for 5-bus system are presented. The series line impedances are z L = r L + jx L = 0.0099 + j0.099 for all lines. The capacitive TCSC is located between PQ buses 4 and 5. Three cases are investigated. In the first case the reactance of the line was directly changed in input data, that means, inductive reactance was decreased by 10% steps. Tables 1 and 2 present the base case results for the buses and the lines, respectively. The second case which is investigated is injection model of TCSC with losses. is decreased with 31,88% and with 31,37%, respectively, because the loads on buses 3 and 5 are constant. The increase in power transfer is accompanied by a noticeable increase in reactive power demand. TCSC cannot control active and 
The injection model is obtained by replacing the voltage source V s in Figure  18 , by an equivalent current source I s = V s y s . Consequently the effect of an ideal phase shifter is equivalent to the injection of current I ks and I ms at the nodes k and m, respectively, and the current sources correspond to the injected powers
S ms = V m I * ms 
If t=1, i.e. a pure phase shifting without a change in voltage magnitude, active and reactive parts of the injection sources are
Phase shifter is inserted in 5-bus test system between buses 4 and 5, the same bus where TCSC was located in the previous section. located. Next figures show the results for that location. Now, if the results for both cases, inserted PS and inserted TCSC, are compared, the following can be concluded. The behavior of the system's variables is very similar, but it is obvious that Phase Shifter has much more influence on the system, then TCSC. For example, the angles are changed in the same direction, but the changes with PS are bigger ( Figure 9 and Figure 21 ). Consequently, and 2-3 are the same in both cases (Figures 13 and 23 ). This is due to that the line impedances in this test system are small, resulting in small phase angle differences between the nodes, in the original power flow. A small change in the phase angle introduced by the phase shifter will consequently imply rather large changes in active power flows.
Unified Power Flow Controller (UPFC)
The UPFC can provide simultaneous control of all basic power system parameters ( transmission voltage, impedance and phase angle). The controller can fulfill functions of reactive shunt compensation, series compensation and phase shifting meeting multiple control objectives. From a functional perspective, the objectives are met by applying a boosting transformer injected voltage and a exciting transformer reactive current. The injected voltage is inserted by using series transformer. Besides transformers, the general structure of UPFC contains also a "back to back" AC to DC voltage source converters operated from a common DC link capacitor. First converter (CONV1) is connected in shunt and the second one (CONV2) in series with the line. The shunt converter is primarily used to provide active power demand of series converter through a common DC link. Since the converters are connected by DC link, they exchange only active power and there is no reactive power flow between them. It means that reactive power could be controlled independently at both converters. The series converter output voltage is injected in series with the line and acts as an AC voltage source ( Figure 26 ). The reactance x s describes a reactance seen from terminals of the series transformer and is equal to
where x k denotes a series transformer reactanse, r max the maximum per unit value of injected voltage magnitude, S B the system base power, and S conv2n the nominal rating power of the series converter. The UPFC injection model is derived enabling three parameters to be simultaneously controlled. They are namely the shunt reactive power, Q conv1 , and the magnitude, r, and the angle, γ, of injected series voltage V se . The series connected voltage source is modeled by an ideal series voltage V se which is controllable in magnitude and phase, that is, V se = rV k e jγ where 0 ≤ r ≤ r max and 0 ≤ γ ≤ 2π.
V k V m jx

Injection model of UPFC
To obtain an injection model for UPFC, it is first necessary to consider the series voltage source, Figure 27 The current source I inj corresponds to injection powers S k and S m which are defined by
where θ km = θ k − θ m and b s = 1/x s . Figure 29 shows the injection model of the series part of UPFC, where
In UPFC, the shunt connected voltage source (Converter 1) is used mainly to provide the active power which is injected to the network via the series connected voltage source. We have
This equality is valid when the UPFC losses are neglected. The apparent power supplied by the series voltage source converter is calculated from:
Figure 29: Injection model of the series part of the UPFC Active and reactive power supplied by Converter 2 are distinguished as:
Afterwards, the series voltage source is coupled with the shunt part of the UPFC, which can be modeled as a separate controllable shunt reactive source. Here is assumed that Q CON V 1 = 0, but to allow for Q CON V 1 = 0 in the model is straight forward. Consequently, the UPFC injection model is constructed from series connected voltage source model with the addition of power equivalent to P CON V 1 + j0 to node m. The UPFC injection model is shown in Figure 30 .
jx s P sk +jQ sk P sm +jQ sm 
where r and γ are the control variables of the UPFC.
Results
The UPFC is inserted between the same buses, 4 and 5 in the 5-bus test system. UPFC data are (it is assumed that Q CON V 1 = 0): r max = 0.09p.u., Figures 31 -34 show the influence of UPFC on active power flow of the lines 4-5, 1-4, 2-4 and 3-5 for variations of γ from zero to 2π and from 0 to r max . The variation of Q against P for the same variation of r and γ, for the same lines are shown in Figures 35 -38 . Figures 39 and 40 show variation of Q against P for line 4-5 for two cases. First figure is identical with Figure 31 . It is variation of Q against P at line 4-5 with UPFC in line 4-5. Figure 40 shows variation Q against P at line 4-5 but with TCSC in line 4-5. Comparison of the characteristic of the line flows proves better performance of the UPFC over the TCSC, because by adjusting the inserted series voltage magnitude and angle, UPFC can realize any of the points (P, Q), on the curves in Figure 39 , and points inside the curves, until TCSC can realize just a few the points (P, Q), on the curve on Figure 40 . Therefore UPFC provides simultaneous and independent control on the P and Q line flows, within the rating limits of the converter. 4 Hale network Figure 41 shows the Hale network. Data for the base case are presented in the Table 3 and Table 4 Table 4 : Line data for base case One interesting thing is noticed for active power flow through the line 1-3. Active power flow through that line is much more increased when the PS is located in the line 4-5, instead of the TCSC. Although the TCSC is located in the line 1-3, and there is already the increase of power flow in that line, when the PS is located on the proper place, that increase can be higher. That change of power flow almost does not effect on the voltage and not so much on the angle of bus 3. Of course, the slopes of other power flow curves are changed, that means the power flows through other lines are, normally, more decreased. 
